Background. Nurse telephone advice (NTA) lines, a major initiative in primary health care reform, provide symptom triage and health information. Compliance studies utilizing database analysis are frequently limited to a defined population, such as children or Emergency Department (ED) users.
Introduction
Nurse telephone advice (NTA) lines are now available in most of Canada, as well as many other developed countries. NTAs typically provide three types of services: symptom triage, health information and help with accessing health care services. From one-quarter to one-half of symptom-based calls can be handled with advice only and are not referred for further medical care. [1] [2] [3] [4] [5] Despite the spread of these services, there is still much to be learnt about the degree to which callers follow-through on nurse advice and characteristics associated with follow-through.
Studies that assess follow-through on NTA are of two types: surveys, usually by telephone within 14 days after the call, [3] [4] [5] [6] [7] and data linkage between NTA and health utilization data. 4, [8] [9] [10] [11] [12] [13] Surveys can assess why callers failed to follow-through and also whether the caller changed their actions from what they had intended; however, there are several drawbacks, including inaccurate recall, 6,9,14 low response rates 6, 7 and relatively small sample sizes, especially if attempting subgroup analyses. Data linkage studies can follow a larger population over a longer time period compared to surveys. However, published studies often restrict the population of interest, for example, to paediatrics 4, 9, 11 or to visitors of Emergency Departments (EDs). 10, 11 One study followed the population of a large urban health maintenance organization; however, its senior population did not have access to the NTA. 8 No studies to date have reported on an entire population.
The aim of our study was to explore populationbased utilization of health care services following a call to a large urban NTA. NTA data were linked with data on ED visits, hospitalizations and physician ambulatory visits to define nurse advice for a symptom-based call, assess the use of health care services following the call and explore characteristics associated with follow-through for different nurse advice categories.
Methods
Setting Alberta is Canada's fourth largest province with a population of 3.3 million. Health Link Alberta is a provincial service that operates from two sites, Calgary and Edmonton, receiving >1 million calls annually. 15 It also maintains a website with information on health topics, facilities and services (HealthLinkAlberta.ca). The Calgary site was implemented in November 2002, and calls per day increased from 525 to >1200 in 2007.
At the time of this study, Health Link Alberta nurses used Sharp Focus clinical decision support software to assist with symptom triage.
16 Sharp Focus contains >200 adult and child protocols, two-thirds of which were developed and routinely updated by the Cleveland Clinic and one-third developed by the Health Link Alberta Clinical Team, which also customized all protocols for use in Alberta and maintains them. Health Link nurses obtained demographic and health data from the caller, entering it into the computerized system in a standardized format. Based on the caller's description of symptoms, nurses choose a protocol and use it plus their clinical judgement to select one of seven recommendations.
(1) Priority: immediate medical attention; (2) Emergent: see health care provider in 0-4 hours; (3) Urgent: see health care provider within 24 hours; (4) 72-hour referral: see health care provider within 72 hours if symptoms persist; (5) Interim care: self-care; (6) Health information and (7) No recommendation.
In addition to coding these recommendations, nurses marked a separate field to indicate if a caller was advised to go to the ED.
Data sources
Five datasets were used for this study: (i) Health Link Alberta, Calgary site; (ii) hospital inpatients; (iii) ambulatory care classification system (ACCS); (iv) physician claims and (v) registry files.
Health Link Alberta data include demographic characteristics of the caller and patient, reason for the call and the nurse's recommendation. Hospital inpatient discharge data capture demographic, diagnostic and procedural information for every hospitalized individual. ACCS captures ED, Labour and Delivery (L&D) triage and Urgent Care (UC) centre encounter information. L&D triage occurs on the L&D units, rather than the ED, for patients >20 weeks' gestation. Physician claims record diagnosis, procedure and billing information for each patient encounter. The registry file documents residents' demographic information, such as age, sex, birthdate and address, and Personal Health Number (PHN), a unique number assigned by the Alberta Ministry of Health and Wellness to every individual eligible for provincial health insurance. (Only a small number of Canadians such as those in the military are not eligible for provincial health insurance.) All datasets except Health Link include the PHN. Hence, Health Link data were linked to the registry using the personal identifiers of first name, surname, sex and birthdate, in order to attach the PHN so that use of health care services following the call could be established.
Study population
The study population comprised residents of the city of Calgary who called the Calgary site of Health Link Alberta from April 2003 to March 2004 with a health problem. Frequently, someone will call on behalf of somebody else, such as a parent calling for a child; we defined the caller as the person with the health problem prompting the call. Callers who received recommendation 6 or 7 (14% of calls) were excluded from the analysis because they did not receive care-related advice. Also excluded were callers who were referred to another service such as poison control or a public health nurse (1% of calls) since we did not have utilization data for these services.
Although the study population was limited to residents of the city of Calgary, their use of health services anywhere in the Calgary Health Region was included. Approximately 85% of the Region's 2004 population of 1.1 million lived in the city of Calgary, but the Region's boundaries extended well beyond the city and contained a number of smaller rural communities. 17 
Independent variables
The independent variables were age, sex, income group, health status, time of call and protocol. Age at the time of the call was grouped into four categories: <4, 4-19, 20-49 and 50 years or older. Income group was based on median neighbourhood income according to Statistics Canada data, divided into three groups: <$40 000, $40 000-$79 999 and $80 000 or more. To adjust for caller's health status, the Clinical Risk Groups (CRGs) case-mix grouper was used. CRGs rely on ambulatory and hospital diagnosis and procedure codes over a 1-year period to group individuals into 256 mutually exclusive health states, which are then classified into nine macro health states. 9, 18, 19 Some of the macro states had few observations, so Family Practice-an international journal three health status groups were defined: Healthy (CRG 1), Acute or minor chronic (CRGs 2-4) and Multiple chronic, cancer or catastrophic (CRGs 5-9).
Some of the over 200 protocols are used infrequently. Hence, protocols were grouped into the following clinically meaningful categories: gastrointestinal, respiratory, obstetrics/gynaecology/genitourinary (OB/GYN/GU), trauma, fever, skin/joints, cardiac, infant care and concerns, miscellaneous symptoms and other. 'Miscellaneous' included health complaints that did not fit into one of the other categories (such as headache or red eye), and 'Other' included protocols that did not appear to be health problems, such as medication information or child development. Time of call was divided into those made from 7 a.m. to 4 p.m. Monday to Friday (in-hours) and all others.
One would expect that the sent-to-ED field would be selected for most of the Priority nurse recommendations, yet 20% of calls did not have the sent-to-ED field selected. Therefore, following initial data analyses and after consultation among Health Link providers, four nurse advice categories were defined for the purposes of this study based on the nurse recommendation and sent-to-ED variables (Fig. 1) . Each call was categorized into one of the four nurse advice categories.
Dependent variable
The dependent variable was follow-through on the Health Link nurse's advice, defined according to health care use (Fig. 1 ). Follow-through for callers sent to ED was defined as a record of a visit to the ED, L&D triage or UC within 24 hours or an inpatient admission within 24 hours. Callers advised to see a health care provider within 24 hours followed through if there was an ED, L&D triage, inpatient or UC record within 24 hours or a visit to a physician within 2 days. With the data available, it was not possible to assess uptake for callers who were advised to see a health care provider within 72 hours if symptoms persisted since callers could be following the advice whether they did or did not see a health care provider. Followthrough for self-care advice was based on the absence of any record of health care use for up to 3 days following the call.
This study was approved by the Conjoint Health Research Ethics Board of the University of Calgary and Calgary Health Region.
Statistical analysis
The characteristics of callers were described according to each of the nurse advice categories. Separate multivariate logistic regression models were fit with all independent variables for each nurse advice category to test the association between follow-through and the independent variables. ) and OB/ GYN/GU (11.8%), whereas a relatively higher proportion of self-care advice was provided to callers with fever or infant care concerns. Table 2 illustrates the use of health care services for each of the four nurse advice categories; each cell in the table is mutually exclusive. Of the 13 140 (13.6%) callers who were advised to go to the ED, follow-through was 52.3%. The advice to see a health care provider within 24 hours was given to 41 632 (43.2%) callers, and 43.2% followed this advice. Only a small proportion (7.6%) of callers were advised to contact a health care provider in 72 hours if symptoms persisted. Self-care advice was provided to 34 427 callers (35.7%), and 83.7% did not use any subsequent health care services.
Results

Data linkage
Health care utilization
Characteristics associated with follow-through on nurse advice Risk-adjusted odds ratios for each nurse advice category are presented in Table 3 . For both advice to go to ED or see a health care provider in 24 hours, callers who were in older age groups, lived in middle or higher income neighbourhoods and were in good health had higher odds of following this advice. Older age groups and out-of-hours callers were less likely to follow self-care advice. Follow-through according to protocol site is more complicated to interpret. Persons with a cardiac Family Practice-an international journal complaint had the highest compliance for advice to go to the ED or to see a health care provider in 24 hours but lower compliance with self-care advice. Compared to persons with a cardiac problem, persons with a gastrointestinal, respiratory, OB/GYN/GU, fever or miscellaneous complaint had lower odds of following the advice to go to the ED. For the advice to see a health care provider in 24 hours, those with a gastrointestinal, OB/GYN/GU, infant care or other concern had lower odds of following this advice relative to callers with a cardiac problem, and callers with fever had higher odds of following this advice. Like callers with a cardiac problem, those with fever or respiratory complaints had lower follow-through for self-care advice. Callers with trauma, infant care or other problems had higher odds of following self-care advice compared to callers with a cardiac problem.
Discussion
This is one of the first studies to report on health care utilization following a call to a NTA line for an entire population over a period of a year. Like ours, other studies that explored compliance found that the proportion of callers who followed the nurse's advice varied according to the type of recommendation. Several data linkage studies reported that from 61% to 64% of callers followed ED advice, higher than our findings, [10] [11] [12] [13] and some reported rates of around 75%. 4, 8, 9 Our findings may reflect the perception of ED crowding in Calgary: an evaluation of Health Link Alberta reported that ED follow-through was higher for rural areas and lower in urban centres; however, the sample size was quite small. Additionally, in urban centres, many callers went to a physician's office instead of the ED. 15 The literature has reported follow-through for office visits from 30% to 57% and the proportion that followed self-care advice around 75%. These findings are similar to our results. However, unlike other studies, which looked at a limited age range, 4, 8, 9, 11, 12 or only ED use after the NTA call, 10,12,13 our study included the entire population and therefore is more generalizable.
The literature is not consistent in how followthrough is defined. The window for follow-through on ED advice varied from as little as 12 hours to as long as 72 hours, 4, 8, 9, 12 and for advice to see a physician, it ranged from 24 hours to 2 days or even later. 4, 8 These various definitions can markedly affect study results. We defined follow-through to be as consistent as possible with the advice categories, bearing in mind data limitations, e.g. there is no time stamp on physician office visits, as well as the constraints of the health care system, e.g. it may be difficult to obtain same-or next-day appointments at a family physician's office. Furthermore, for self-care advice, nurses instruct callers on symptoms that should prompt medical attention; therefore, for those callers who used health care services following self-care advice, it is possible that they were, in fact, following the NTA advice.
Our study is unique in demonstrating statistically significant differences for several of the care protocols. Unsurprisingly, patients with a cardiac complaint were more likely to follow the advice to go to the ED compared to other symptom-based calls. Perhaps failure to go to the ED indicated that the condition improved. Alternatively, in light of ED crowding, patients may have chosen not to follow this advice; we found that 12% of these callers saw a physician in an office visit. It may be that patients who call Health Link, rather than go to an ED or UC, are predisposed not to seek formal health care; they might be choosing to call Health Link in part because of its convenience and easy availability and hoping thus to avoid the need for more formal health care.
Patients with a gastrointestinal, OB/GYN/GU, infant care or other problem were all less likely and those with fever were more likely than cardiac patients to follow advice to see a health care provider in 24 hours. Our definitions for uptake for this advice included physician office visits up to 2 days after the Health Link call, recognizing that not all patients have a family physician (in 2008, 20% of the Calgary population did not have a family physician, likely less in 2003). Furthermore, if they do have a family physician, they might not be able to get a same-day appointment. Nevertheless, follow-through was <50%. It has been demonstrated that follow-through is higher when patients perceive the nurse as helpful and collaborative and when the caller understood the advice. 20 NTA nurses are hampered by the lack of visual cues and must therefore consciously check with the patient if their advice was understood and accepted, 21, 22 suggesting both the necessity of emphasizing this aspect of communication in NTA nurse educational sessions, as well as allowing nurses the necessary time to do so.
A small percentage of callers who were advised to see a physician in 72 hours if symptoms persisted or to self-care presented in the ED, L&D triage or were admitted. Two other studies that linked NTA advice with ED use reported that from 2% to 4% of callers that were given other advice presented to the ED. 12, 13 Interestingly, one study reported that when asked if they had been referred to the ED by the NTA service, there were many inaccuracies in both directions, i.e. patients answering that they had not been advised to go to the ED by the NTA when they had been so advised, and patients saying they had been advised to go to the ED when they had not been so advised. 12 There are limitations to this study. The linkage rate was relatively low at 78%, which may introduce bias. Some of the calls that failed to link could be from 23 However, visits to non-physician health care providers, e.g. public health nurse, dentist or chiropractor, would not be captured in our data. We excluded callers who had been referred by the Health Link nurse to such services but could not capture the extent to which callers decided for themselves to seek an alternate provider. Some physician visits may have been missed; however, most family physicians in 2003/04 were paid by fee-for-service and therefore billed for each visit. The advice for health care provider follow-up in 72 hours had to be excluded from the uptake analysis as it could not be reliably interpreted. Finally, with the data sources that we used, we could not identify whether health care utilization was related to the reason for the Health Link call.
This study covered the 2003/04 fiscal year, which was the first full year that the Calgary site of Health Link Alberta was in operation. Since then, several things have occurred that may influence results. Data quality may have improved since that initial year since nurses are more experienced and familiar with the software. Also, there is now increased awareness, and with that, increased trust in Health Link, both among the public and among the health care providers. Currently, most EDs and L&D units in the province, as well as a number of family physicians and primary care networks, recommend that patients call Health Link first if they have a health problem. Positive word of mouth has also promoted the service. These factors may have changed the rate of NTA advice follow-through.
Our study has provided valuable information on the degree to which NTA callers follow the nurse's advice. Understanding the characteristics that are associated with failure to follow the nurse's advice is important in order to target initiatives to improve follow-through. For instance, if NTA nurses know that children <4 years have lower uptake of advice to go to the ED or see a health care provider within 24 hours, they might stress this advice more with the caregiver who is making the call and confirm their understanding and acceptance of the advice. We have developed definitions that may be replicated not only with further years of data in Calgary but also in other jurisdictions to permit comparisons among NTAs. Further research is warranted to determine whether rates of follow-through have changed over time, to explore changes in follow-through with known interventions such as media campaigns or changes in NTA training or software and to assess if follow-through differs among different jurisdictions.
